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Topological semimetals, including Weyl, Dirac, nodal-ring fermions, exhibit extraordinary quantum properties, such as chiral anomaly and quantized transport [1] . Depending on the tilt of the cone around a nodal point, Weyl/Dirac fermion can be classified as type-I and type-II [2] [3] [4] . Due to the excessive tilt, type-II fermion possesses a Fermi surface geometry with hole and electron pockets, which is topologically distinct from point-like Fermi surface for type-I fermion. Exotic properties originating from type-II Weyl/Dirac fermions include Fermi arc surface states, large unsaturated magnetoresistance, and Landau level spectrum squeezing [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Type-I fermions have been found in simple elemental materials of graphene and borophene [19, 20] , while the candidates with type-II fermions are only discovered in relatively complex materials, including three-dimensional WTe2, MoTe2, PtSe2 [2, 4, 5, 7, 10, 11, 17, 21, 22] , and two-dimensional oxides [23, 24] . The discovery of type-II fermions in common materials such as graphene is highly desirable, which may enable experimentally accessible applications of type-II fermions.
Different from rich topological states with one particular type of fermions, coexistence of distinct classes of topological fermions in a single material has rarely been proposed. Only two cases have been reported: i) coexisting triply degenerate nodal point and Weyl point in ZrTe [25] ; ii) coexisting triply degenerate nodal point and nodal ring in TaS and XB2 (X = Sc, Ti, V, Zr, Hf, Nb, Ta) [26, 27] . Due to distinct intriguing properties of type-I and type-II fermions, their coexistence has the potential to produce new topological phenomena, which remains to be explored in real materials. It would be more exciting to create this new coexisting state in graphene, which is significant for both deepening our understanding of band topology and expanding already diverse applications in such a popular simple material.
In contrast to highly challenging conventional approaches to engineer Dirac fermions in graphene, such as large strain [28, 29] and molecular adsorption [30] , the laser-driving approach is more effective, producing well-known Floquet-Bloch states. Using the two-dimensional Dirac model confined around K point, Floquet topological insulator, multiple type-I FloquetDirac fermions (FDFs) and laser-controlled Fermi velocity of type-I cone are proposed [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
Time-periodic field driven Harper model in three dimensions supports multiple Weyl cones [41, 42] , whose dispersion can also be controlled by the external field [43] . The tight binding models 3 / 15 manifest the absence of type-II FDFs in graphene, while the variety of these photoinduced cones indicates that type-II fermions, and even its coexistence with type-I fermions, could be created by laser irradiation. Moreover, these states are promising for experimental observation, owing to the simple band structure of graphene [19, [44] [45] [46] . In order to predict experimentally accessible Floquet states beyond toy models employed in previous works [31] [32] [33] [34] [35] [36] [37] [38] [39] , firstprinciples calculations should encompass the electronic band structure in the whole Brillouin zone (BZ) [47] . The stability of this laser-driven system is estimated, which is crucial for experimental investigation. Floquet states can be observed by irradiating a laser pulse [45, 46, 56] , resulted from the good approximation of a long pulse to a continuous wave; this is evidenced from our simulation of angel-resolved photoelectron spectrum. Laser pulse with trapezoidal envelope having 5 cycles (~ 4 fs here) is long enough to produce well defined signatures [56] , indicating that not only laser intensity is below graphene damage threshold [57] , but the pulse duration is so brief that phonons cannot be excited [58] . Therefore, stable graphene would survive in such a laser irradiation, producing corresponding Floquet-Bloch states.
As shown in Fig. 2(a) , under the illumination of above time-periodic laser field, the upper forming Floquet-semi-Dirac fermions again (Fig. S2 [48] ).
The topological states can also be controlled by tuning laser frequency. For laser frequency ℏω = 6 eV, new Dirac points show up due to band inversion. Interestingly, the newly-formed Dirac points are transformed to type-II, when the laser amplitude reaches 980 V/c [ Fig. 3(a,b) ], while the original Dirac points remain type-I. The type-II fermion is clearly characterized by its unique Fermi surface (Fig. S3 [48] ): i) when εF is at the energy of type-II Dirac points (ε2), hole and electron pockets touch at the Dirac point; ii) when εF deviates from the energy of Dirac point (εF = ε2 ± 5 meV), the hole and electron pockets get away from each other. Therefore, type-I and type-II FDFs coexist near the Fermi level, with a very small energy separation ε1 − ε2 = 0.02 eV. For comparison, in compressed PdTe2, the type-I and type-II Dirac points have a very large energy separation of ~1 eV, thus is not really "coexisting" [60] . Laser-driven graphene is a better platform to explore interactions between type-I and type-II FDFs, such as the possible realization of magnetic-field-induced Klein tunneling [15] . Separating type-I and type-II Dirac fermions by selective quantum scattering, and the analogous Hawking radiation to form correlated electron-hole pairs by tunneling of type-II Dirac fermions can be potentially observed in such a laser-driven graphene layer [61, 62] .
To identify whether the coexisting state can be realized using experimentally accessible laser pulses, we have simulated time-and angle-resolved photoelectron spectroscopy (tr-ARPES) of graphene [48, [63] [64] [65] . The intensity of photocurrent ( , , ∆ ) for wave vector , binding energy , and pump-probe delay time ∆ reads [63] [64] [65] , doping effect for substrate-supported graphene [66, 67] . The mechanism behind Floquet phase diagram, especially the coexisting type-I and type-II FDFs phase, is worthwhile to be explored, which could provide a new perspective to design novel Floquet states. As sketched in Fig. 4(a) , the variation of n = 0 bands at M point is Δε = |Δεup| + |Δεdn|; and due to band gap of 3.9 eV at M point, the energy separation between n = 0 and n = ±1 bands is δ = ℏω -3.9 eV. As the photon energy increases from 3.9 to 6.0 eV with a small A0, evolution of Δε with laser amplitude deviates from linearity gradually; while with large A0, Δε always keeps linearity [ Fig. 4(b) ]. The changes of Δε conform to
with the dipole matrix element M between two states, which indicates band modification is contributed by optical Stark effect [56] . Obviously, in order to obtain four FDFs state through band inversion, the optical Stark effect should be strong enough as Δε > 3.9
eV. Because Δε decreases with increasing ℏω (or δ), larger A0 is required to realize the transition from two FDFs to four FDFs, which explains wedged shape of four FDFs phase in Fig. 1(c) . the crossing between n = 0 and n ≠ 0 bands and the strong quantum effect of driving field [43] .
In conclusion, based on first-principles calculations and Floquet theory analysis, new electronic states, including four FDFs and coexisting type-I and type-II FDFs near the Fermi level, is predicted in graphene driven by linearly polarized laser. Moreover, optical Stark effect
